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Figure 4.18: Cyclic voltammogram of LB 33.PSq 67, , one complete cycle.

The anionic peak current for the two samples are marked in the fig-
ures. The value of the anionic peak current in LBy 33LPSq¢7 is larger
than in LBy 50LLPSg50. This observation suggests that the internal resis-
tance in the LBy 50LPSg50 is greater than in LBg33LPSy¢7, which is in
consistency with both impedance and cycling measurements.

Cyclic voltammetry can also be used to investigate the reversibility of
the redox reactions in the electrolyte, namely if all of the initial analyte
can be recovered after a forward and reverse scan cycle. One of the
criteria is that the ratio between the cathodic peak current (I,.) and
the anodic peak current (I,,) should be close to one. Figures 4.17 and
4.18 show that this criterion is not fullfilled. The measured current is
related to the surface of the electrodes, and the species of interest might
be absorbed on the electrode surface. If some of the deposed lithium
is stuck on the surface of the gold electrode, it will affect the system
conditions. The lithium ion is small, and it is therefore probable that it
can be adsorbed on the subsurface of gold.
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4.3.3 Battery test

Three of the discharge/charge cycles obtained from the LBg33LPSq¢7
sample are presented in figure 4.19, and information about the cycling
performance is extracted and presented in table 4.13.

The figure shows one complete charge/discharge cycle with cycling
rate %, and two cycles with cycling rate %. The anode material, TiS,,
has a theoretical capacity of 239 mAh/g, and the figure shows that an
utilization ratio of 92 % of the theoretical value is achieved after the first
cycle, and 85 % after the third cycle. The capacity is slightly decreased
when going from cycling rate % to %, which is expected owing to the
increase of polarization on the surface of the electrode.

3,0 LBo.sstsoe7
Cycle 3, C/20
Cycle 2, C/20
Cycle 1, C/100
29
5
5
£
w29
1,9
n 0 50 100 150 200 250

Capacity [mAh/g]

Figure 4.19: Battery cycles of LB 33L.LPSq 67 at two different cycling rates.

It was not possible to get a complete and satisfying cycle from the
LBO.50LPSO'5O sample.
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Cycle | Cycling rate Discharge Charge Coulombic
number [mTA] capacity [mTAh] capacity [mTAh] efficiency
1 C/100 222 219 ~ 99 %
2 C/20 219 213 ~ 99 %
3 C/20 204 203 ~ 99 %

Table 4.13: Extracted values for discharge and charge capacities, and
their coulombic efficiency for a battery with LBg33LPSg 47 as electrode

madterial.
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Chapter 5

Discussion

5.1 Conductivity and structure

The measured conductivities of the different samples varies, and the aim
of the work has been to find a relation between sample content and
measured conductivities. First, the conductivities were compared to the
weight percentages of the crystalline phases in the samples. PXD of the
samples in the high-conductivity group showed that their crystal content
is quite different, where LB 33L.LPSq 67 contain only LigPS5;Br in it’s crys-
tal structure, while LB 33L.PSy 67 contain approximately equal amounts
of LigPS5Br and LB. A similar relation is observed for the samples show-
ing lowest conductivity values. The conductivity could therefore not be
directly related to the phase content, thus the crystalline phases were
investigated more thorughly in each sample.

Observations investigated in Li(BH,)_,)Br,

The high temperature phase of LiBH, is known as a novel lithium ion
conductor [2]. The relation between ionic conductivity and bromide con-
tent in Li(BH,)(1—y)Br, has been investigated [26], and the maximum
conductivity was measured in the sample with the lowest possible bro-
mide occupation for the hexagonal phase, namely y = 0.29. The decrease
in ionic conductivity for higher occupational values was explained by the
decreasing unit cell volume, giving a less defined diffusion pathway for
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lithium ions. As discussed in the results, it is difficult to quantify the
bromide occupancy in the LB structure from X-ray diffraction, as the rel-
atively heavy bromide will tend to dominate the X-ray scattering from the
structure. However, as the refined unit cell volumes are approximately
constant for all samples, the bromide occupations should also be similar,
and therefore not influence the differences in measured conductivity.
During the refinements, the z position of the borohydride and bromide
had to be refined independently in order to obtain satisfying results.
It was found that the anions were displaced compared to the original
structure. The displacement alters the distances between the lithium ions
and the bromide and borohydride ions in the structure, and the feature
was tried related to the conductivity. For one of the samples in the high-
conductivity groups and one of the samples in the low-conductivity group,
the z-positions of bromide and borohydride were refined to values varying
in the third decimal, and the amount of the LB phase is significant in both
samples. As their conductivities are quite different it seems unlikely that
this feature alone have a great impact on the measured conductivities.

Observations investigated in LigPS;Br

The substitution of sulfide by a bromide in LigPS5Br introduces lithium
ion vacancies to maintain charge balance [27]. The bromide can be sub-
stituted at two crystalline positions in the structure, and the distribution
of the substituted halides at the different sites thereby decides how local
diffusivity transforms to macroscopic conductivity [28]. Based on this,
one would assume that the sample with highest occupancy of bromide
at both substitutional positions, LBg25LPSg 75, induces more vacancies,
and thereby exhibit highest conductivity. However, the sample belongs
to the low conductivity group. !. Both the high and the low conductivity
group contain structures with the highest and the lowest bromide occu-
pations, which imply that the occupations can not separately be related
to the measured conductivities in this work.

The temperature factors indicate if there is structural disorder in the
materials. To investigate whether structural disorder affects the conduc-
tivity, the temperature factors were also tried connected to the conduc-
tivity trend, but neither this comparison lead to an obvious correlation.

!The same sample show an uneven background in its diffraction pattern, and it
was therefore suggested that it contains amorphous material. It may be that this
influences the conductivity negatively.
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Introducing the new structure, Li;_,_,PS¢_,_,Br,(BH,),

The LigPSsBr phase was studied by powder neutron diffraction in an
deuterated sample of LBg33LPSgg7. Results obtained from PXD and
PND did not match, and a new structure model was introduced, with the
possibility of both bromide, borohydride and sulfur being present at the
substitutional sites of the structure. The diffraction patterns obtained
from PND and PXD were refined simultaneously, and the new struc-
ture model correlated well with both diffraction patterns. It is therefore
suggested that BH; can be substituted into the structure of LigPS;Br.
Powder X-ray diffraction showed that LBg33LPSyg7; only contain
LigPS;Br, and it thereby also imply an absence of both hydrogen and
boron in the crystal structure. The flat background of the diffractogram
indicates that the sample is highly crystalline, and it seems unlikely that
boron and hydrogen have become amorphous. A similar, but amorphous,
system (LiBH4),LPS(;_,), has been investigated [5], where it was sug-
gested that the BH, anions were incorporated into the amorphous struc-
ture after milling. Raman spectroscopy of the samples showed that the
peak attributed to BH; had disappeared for the mixed materials. In this
work, the peak attributed to BH; in infrared spectroscopy is still present
in the samples where no crystalline LiBHy is visible by diffraction. This
substantiates the assertion that BH; is present in the crystal structure
of LigPS5;Br, and that it is not incorporated into the amorphous content.
The introduction of the new structure model resulted in a reduction
of sulfur occupancies, which gives an increased number of vacancies in the
structure. The structure model has only been tested for the LB 33L.PSq 67
sample, as it is the only sample studied with PND. 2 Therefore, it is likely
to believe that the structure model, and bromide occupancies, obtained
from the other samples contain a systematic error, and that the refined
occupancies would look different with the new structure model.

Other factors

It was not possible to relate the conductivity values to the crystal struc-
ture of the materials, thus it seems that there are other features which

2The idea of BH, substitution was first thought of late in the process, and it was
therefore not enough time to measure PND for all samples. It is necessary to use
PND to fully investigate the structures in these samples, as neutrons and X-rays are
sensitive to different atomic properties
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influence the conductivity.

An amorphous system of (LiBH,),LPS(;_,) has been investigated [5],
where the samples showed ionic conductivities up to 1.6- 1073 S cm™!
at room temperature. A study of the amorphous content indicated that
the state of the BH, anions were comparable to that of BH, anions at
the high temperature phase of LiBH,. It is earlier claimed that the BH,
anions in HT-LiBH, are rotated, giving a delocalization of the negative
charge, thus a weakened interaction between the Lit and BH} ions and an
increased conductivity. One of the starting materials, LPS, is amorphous,
and it is therefore probable that the samples contain amorphous phases.
However, the samples with the highest backgrounds in their diffraction
patterns are also the samples showing lowest conductivity values in this
work. Thus, it seems more likely that the amorphous content contribute
negatively to the ionic conductivities.

From the impedance measurements, it was observed that the
two samples with highest conductivity values at room temperature,
LBy.33LPSq67 and LBgg,LLPSg 33, have the lowest grain boundary resis-
tance. LBy 50LPSg.50 showed highest grain boundary resistance at room
temperature, but at elevated temperatures, it displayed similar values
as the two samples mentioned above. The relation between conductivity,
grain boundary resistance and particle size of a solid electrolyte material,
LizOCI, have been investigated [29]. It was concluded that the conduc-
tivity of the material increased with increasing grain size, and that the
activation energies for grain boundaries were higher compared to the ac-
tivation energies of the bulk. If the grain size is small enough, the total
conductivity will be dominated by conduction in the grain boundary. In
this thesis, only bulk properties have been investigated when relating
conductivity values to material properties. Depending on the size of the
grains, the conduction of the lithium ions can be directly related to the
grain boundary resistance.

5.2 LB,LPS(;,_,) as electrolyte material

One of the main issues with solid electrolytes is their low ionic con-
ductivities at room temperature. Three of the samples in this thesis
showed conductivity values in the range 3-4 - 1073 S/cm at 328 K, which
is promising for appliances as solid electrolytes. From the three sam-
ples, LB 33LPSy.67 and LB 50LPSg 50, were selected for battery tests and
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cyclic voltammetry. Cyclic voltammetry showed that the materials are
electrochemically stable up to 5 V, suggesting that they both have wide
potential windows. Batteries with LB 33LPSq 67 as the electrolyte were

cycled at % and %. The material is promising as an electrolyte mate-
rial, as it shows repeatable cyclability at % and good stability towards

the electrode material.

One major advantage with solid state batteries is that they can be
used, and even perform better, at elevated temperatures. However, this
requires the electrolyte materials to be stable in a wide temperature
range. Thermoanalytical techniques, DSC and TGA, showed that the
samples with highest conductivities are thermally stable up to at least
523 K.

5.3 Further work

Various structural features have been investigated in order to find a re-
lation between sample content and conductivity, but it was not possible
to find an absolute correlation. In this work, several feautres attribute at
the same time, and it is therefore not possible to isolate their contribu-
tion. Each feature must be investigated separately to actually concider
how it effect the conductivity of the material.

As one of the starting materials is amorphous, it is likely to believe
that the samples contain amorphous phases. The results give a vague
indication that the amorphous content contribute negatively to the con-
ductivity values, and the amorphous content should be investigated.

In this work, only bulk properties have been investigated, while it is
known that surface properties of materials affect the conductivity, such
as the grain size. Therefore, also additional material properties should
be investigated.

Introducing the new structure model altered the sulfur occupations in
the structure, which again affects the number of vacancies in the struc-
ture. In order to investigate the crystal structure of the materials, all
samples should be measured by neutron diffraction, and additional re-
finements may be performed from the new structure model.

To investigate how the materials function in actual batteries requires
more thorough battery tests. Several batteries must be assembeled, and
cycled at different cycling rates for an abundant number of cycles.
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Chapter 6

Conclusion

The crystal structure and the electrochemical properties of the mixed
LiBH,4-LiBr-LisS-PoSs system have been investigated. Electrochemical
impedance spectroscopy showed that the samples exhibit ionic conduc-
tivities in the range 107* - 1072 S em™! at room temperature, and the
highest conductivity value was measured in LBg33LPSg 67, 1.1(7) 1073
S/cm.

The aim of the work has been to find a relation between the measured
conductivities and the structure of the samples. Powder X-ray diffrac-
tion displayed that the LigPS;Br phase was formed in all samples, while
the high-temperature phase of (LiBH4)(;—,)Br, was found in three out
of the five samples. A thorough investigation of the structural proper-
ties for each sample was executed, and properties such as phase content,
bromide occupations, unit cell volumes, anion displacement and temper-
ature factors were tried related to the conductivity. However, no obvious
correlation was found between sample content and conductivity values.

The LigPS;Br phase was investigated in LB 33L.PSg67 by powder
neutron diffraction, and the results revealed that the structure model
obtained from PXD did not match the data obtained from PND. A new
structure model was constructed, where sulfur could be substituted by
both bromide and borohydride at the substitutional sites, and the new
structure model correlated well with both diffractograms. It is there-
fore suggested that borohydride can be substituted into the structure of
Liz_y—yPSe_s—yBr,(BHy),. The refined occupations from the new struc-
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ture model are altered compared to the original model. As the original
structure model is used in the refinements of all of the samples, it is
expected that the structural information contain systematic errors.

Electrochemical properties of LBy 33LPSg67 and LBg50LPSo50 were
investigated by cyclic voltammetry and battery cycling. Cyclic voltam-
metry showed that the electrolyte materials are electrochemically stable
up to 5 V, suggesting that they have wide potential windows. The results
from battery cycling imply that the LB 33LPSq 47 material is promising
as electrolyte material, as it shows repeatable cyclability at % and good
stability towards the electrode material.
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Appendix A

Impedance measurements

A.1 Uncertainty in the impedance mea-

surements
d
d -
o(r.d R) = 5
do 2 Jo 2
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A.2. NYQUIST PLOTS OF ALL SAMPLES

Sample | d[em] [Ad[em] [RIQ[AR[Q[r[em] [Ar[em] | 22

x = 0.25 | 0.167 0.002 510 15.3 0.5 0.002 | 0.0613
x = 0.33 | 0.165 0.002 192 5.8 0.5 0.002 | 0.0618
x = 0.50 | 0.167 0.002 300 9 0.5 0.002 | 0.0613
x = 0.67 | 0.166 0.002 220 6.6 0.5 0.002 | 0.0613
x = 0.75| 0.169 0.002 560 17 0.5 0.002 | 0.0619

Table A.1: Calculated uncertainties for the impedance measurements of
the different samples.

A.2 Nyquist plots of all samples
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Figure A.1: Impedance plot for LBg o5LLPSq 75, where red is measurements
obtained during heating and black during cooling.
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Figure A.2: Impedance plot for LBg 33L.LPSg g7, where red is measurements
obtained during heating and black during cooling.
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Figure A.3: Impedance plot for LBg 50LPSg 50, where red is measurements
obtained during heating and black during cooling.
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Figure A.4: Impedance plot for LBg 6;LPS 33, where red is measurements
obtained during heating and black during cooling.
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Figure A.5: Impedance plot for LBg 75LPS 25, where red is measurements
obtained during heating and black during cooling.
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Appendix B

Structural analysis

B.1 Infrared spectroscopy

The two following sections are based on the work done by Zavortynska
et al [30] and Rude et al [31].

B.1.1 LiBH,

The free BH; anion belong to the symmetry group Ty. It has 4 vi-
brational modes, 71(A1), to(E), U3(F») and 7y(F3), shown in table B.1,
where only 73(Fy) and 74(F,) are IR-active. When BHy is positioned in a
crystal, the symmetry of the anion will change due to site symmetry and
crystal field effects. In LiBH4 the T; symmetry group of BH, is reduced
to Cj site symmetry. This reduction leads to a splitting of the degenerate
modes, Uy(FE), U3(F,) and 4(F). The species are transformed into the
symmetry species of the Doy, group, which is described in table B.2. The
modes with subscript u indicates that the transforming function is even
undFer inversion, and these modes are IR-active. This means that the
Biu, Bg, and Bj, may appear in the IR-spectra. Combining this with
the 71 (A1), 1o(E), v3(Fy) and 0y(Fy) gives the possible theoretical modes
given in table B.3. The table shows both theoretically calculated infrared
modes, modes that are experimentally found by others and the modes
that are found in this thesis. From the table it is clear that the modes
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found in this thesis matches well with the expected values. Figure B.1
shows the measured infrared spectra of LiBH4, where the modes have

been assigned to the peaks.

Point group | Total number of atoms | Species Number of vibrations
Ty 24m + 12my + Ay 3m + 2my + my + mg =
A, 3m + my =
0+0=0
E 6m + 3my + my + m3 =
0+0+0+1=1
Fi 9m + 4my + 2ms + m3 - 1 =
0+04+0+1-1=0
F, 9m + 5my + 3ms + 2ms + mg - 1

=0+0+0+0+2-1+1-1=2

Table B.1: mq sets of nuclei on all elements of symmetry,my sets of nuclei
in the mirror plane, my 34 sets of nuclei on a 2,3,4-fold axes of rotation,
m - sets of nuclei not on any elements of symmetry.

ﬂl(Al) A’ Blua B3u

(E) | A+ A B, Bsu, Bau
Us(Fy) | 2A” + A” | Biy, Bsy, Biu, Bsu, Bay
l;4(F2) 2A’ + A” Bluu B3U7 B1u7 B3U7 BQu

Table B.2: Splitting of normal modes of T; symmetry to Cy symmetry,

giving the possible IR modes for LiBH,
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Mode Calculated | Experimentally found | Found in thesis
U3, A’ - Ba, 2393 2300 2300
U3, A7 - Bg, 2389 2270 2272
Uy, A7 - Ba, 1316 1307 1308
Uy, A7 - By, 1285 1285 1287
g, A’ - By 1246 1232 1232
U4, A7 - Bo, 1064 1089 1091

Table B.3: The table shows the expected modes from infrared spec-
troscopy of LiBH, with corresponding wavenumber. The first column
gives theoretically calculated modes, the second column gives modes that
are experimentally found [30], and the last column gives the modes found
in this thesis

V,(A") v, (A"

v(A)

0,25 4

0,20 4

0,15 +

0,10 4

Absorbance, a.u.

0,05+

0,00 +

T T T T T T T T
3000 2500 2000 1500 1000

Bl
Wavenumber, cm

Figure B.1: Infrared spectrum obtained from LiBH, sample, where the
peaks have been assigned to modes.

B.1.2 LB

Figure B.2 shows a comparison between the infrared spectra obtained
from LiBH, and LB. In the orthorhombic phase of LiBH,, BH; has C;
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B.2. POWDER X-RAY DIFFRACTION

site symmetry, while it in the hexagonal phase has Csv site symmetry
[31]. This change in symmetry reduces the degeneracy of the 3 from
three to two, and this reduction may be observed in the figure by a
smeared out peak at around 2300 cm~!. The peaks in the bending region
are also affected by the substitution, and it seems as they are smeared
out. This makes it difficult to say whether the peaks have been shifted,
disappered or if any new modes have been formed. However, in the
spectrum obtaines form LiBHy there is a clear gap between the ,(A’)
and 74(A”) modes, which is not present in the LB-spectra, and it may be
that a new peak has appeared around this wavenumber. Also, the broad
peak at around 1400 cm™~! in the LiBH, spectra has disappeared in the
LB spectra.

——Li(BH,),Br]
—— LiBH,

0,354

0,30

0,25+

0,20+
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Figure B.2: Comparison of infrared spectra obtained form LiBH, and
LB.

B.2 Powder X-ray diffraction

B.2.1 Stabilization of HT-LiBH4 by halide substi-
tution

The goal of milling and annealing 2LLiBH; + LiBr was to obtain a solid

solution of the hexagonal phase of Li(BH,)g ¢7Brg 33 at room temperature.

The EVA software was used for phase identification by matching the
observed Bragg peaks to phases containing Li, B, H and/or Br in the
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Figure B.3: Rietveld fit to the PXD data of the annealed sample of LB.

PDF-4 database, and the HT-phase of LiBH, alone was found as the
best candidate in the samples. The crystal structures of the samples were
further investigated by Rietveld refinements in TOPAS. The refinements
were based on the structure of HT-LiBH,, where a bromide ion was
placed at the same site as the boron ion, and the sum of their occupancies
were constrained to one. Two samples with the same milling conditions
were investigated, whereas one of the samples was annealed at 150 °C
for 14 hours. The diffraction patterns of the two samples are shown in
figure B.3 and B.4, and they show that neither the orthorhombic LiBH,
phase nor the LiBr phase are present in the samples. This indicates
that a significantly amount of bromide is substituted into LiBH, after
ball milling, and that ball milling alone is enough to produce a solid
solution of the materials and to stabilize the hexagonal structure at room
temperature.

Table B.4 shows that the occupancy of bromide was refined to ap-
proximately 40 % for the as-milled sample and 46 % for the annealed
one. The occupancy of bromide was expected to be 33%, and the refined
values exceed this number for both samples. The LiBH, phase contains
originally only light scatterers with low atomic numbers. As the heavy
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Figure B.4: Rietveld fit to the PXD data of the as-milled sample of LB.

bromide, atomic number 35, is introduced into the structure, it will tend
to dominate the x-ray scattering of the structure. The diffracograms
in figures B.3 and B.4 show that neither orthorhombic LiBH, nor the
LiBr are present in the samples, and the flat background in the diffrac-
tograms indicate that the samples are highly crystalline. Due to this,
it is suggested that the starting materials are fully reacted and that
Li(BH4)0.67BIO.33 is formed.

Table B.4 shows that the bromide and borohydride in the as-milled
and annealed samples are displaced by 0.118 A and 0.135 A respectively.

Unit cell | Z-position, | Z-position, | Bromide | Temperature
volume [A?] BH, Br occupancy factors]]
As-milled | 102.69(3) | 0.697(2) | 0.579(9) | 0.40(3) 1.3(5)
Annealed | 103.12(2) | 0.706(5) | 0.571(3) | 0.46(1) 2.8(2)
Reference 110.04 0.553(1) 8.6(4)

Table B.4: Structural properties of the as-milled and annealed LB sam-
ples obtained from TOPAS.
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B.3 Powder neutron diffraction

B.3.1 Misfit of structure model

The diffractogram obtained from the deuterated LB 33L.PSy.67 sample
is given in figure B.5.
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Figure B.5: Rietveld fit to the PND data of the deuterated sample of
LBy 33LPSy.67

To investigate how the amount of substituted bromide influence the
diffraction pattern, the refined occupancies from X-ray diffraction were
inserted into the structure model for the neutron sample and vice verca.
The calculated and measured diffraction patterns for the samples are
shown in figures B.6 and B.7, and it is obvious from the figures that the
structure model obtained from X-ray diffraction does not fit the data
from neutron diffraction. This indicates that the structure model used
in the refinements, does not fit for both techniques. Neutron and X-
ray diffraction are sensitive to different atomic properties, and the same
change in crystal structure can affect the diffraction pattern quite differ-
ently. It was therefore desirable to find a structure model that fit the
structures obtained from both techniques.
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Figure B.6: SR-PXD data fitted with structure model obtained from
PND refinements.

2000 i .

—_
7]
=
=]
T
1

1000

500 -

Intensity [arb. units]

3
QI[A]

Figure B.7: PND data fitted with structure model obtained from SR-
PXD refinements.
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B.3.2 Difference in PND sample and SR-PXD sam-
ple

The LBg.33LPSg67 sample for PND was synthesized with "Li, ''B? and
D , and it is therefore not the same sample measured at the synchrotron
facility and with neutron diffraction. They are synthezised under the
same conditions, but that does not guarantee that the resultant samples
are equal. X-ray diffraction of the sample made for neutron diffrac-
tion showed that the bromide occupancies were refined to higher values,
occy, = 0.46 and occyy = 0.32, than found from the synchrotron sam-
ple, occy, = 0.33 and occyg = 0.22. Synchrotron radiation gives much
better statistics, and the occupational difference could be explained by
this. However, it is likely to believe that the samples are slightly dif-
ferent, and a perfect match between the neutron and x-ray diffraction
patterns will therefore not be possible. The x-ray diffraction pattern of
the neutron sample obtained from the homelab is shown in figure B.S8.
It shows that the structure model fits the measured diffraction patterns
quite well, suggesting that the structure model give a good fit for all of
the samples.
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Figure B.8: PXD data of the neutron sample fitted with structure model
obtained from combined refinements.

93



B.3. POWDER NEUTRON DIFFRACTION

B.3.3 Neutron diffraction of LPS sample

The diffractogram of the deuterated sample of LBg33L.PSg¢7 has a high
background, with some distinct Bragg peaks visible. To investigate the
source of the noise, the LPS-material was also studied by neutron diffrac-
tion. Its diffraction pattern, B.9, showed no distinct Bragg peaks and
a high background signal, and it is therefore suggested that the noise
measured in the LBg33LPSq 67 sample comes from the LPS material.
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Figure B.9: Neutron diffraction pattern form LPS sample.
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Appendix C

Properties for electrolyte
materials

C.1 Thermal analyses

C.1.1 Diffractogram of heat treated LB(:;LPS¢ 75

An exothermic event was observed in the samples, and to investigate
whether the event is connected to a recrystallization of the samples, the
LBo.75L.PSg 25 was heat treated up to 300 °C before it was measured
with X-ray diffraction. The diffractogram clearly shows that the sample
is recrystallized, and no trace of the earlier identified phases is visible.
Using the Eva software, LiBr and LiyS are identified, but several more
peaks remain unidentified. The diffractogram is shown in figure C.1
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Figure C.1: Diffraction pattern of the recrystalized sample
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Figure C.2: Massloss in the samples

Cycling of LBO‘50LPSO_5O
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Figure C.3: Incomplete mattery cycle of LBg 50LPSg 50
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